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Abstract 
Emergency rescue is an important measure to save people’s lives and reduce the loss. Choosing an effective rescue route has a great effect 
on the rescue process. In the previous research, the planning rescue routes were usually chosen in advance and little attention was paid to 
the unexpected accident happened in the road network during the rescue process. Under the condition of unexpected accident, whether to 
change route and which route to choose are crucial for the rescue work. In this paper, we concentrate on this problem and use a modified 
Dijistra algorithm to obtain the time-shortest rescue route in a road network. Moreover we give a simple example to prove the function of 
the modified algorithm. Ultimately it is hoped that the modified algorithm will give emergency services a good guidance during rescue 
work 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Oceania Association for Fire Science 
and Technology. 
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Nomenclature 
Vi node i 
P(Vi) the P label of node Vi , which is used to record the predecessor node of Vi  T(Vi) the T label of node Vi, which is used to record the shortest time from node V1 to node Vi
CViVj the length of the link ViVj 
UViVj the average velocity the vehicle runs on the link ViVj 
VViVj free traffic velocity the vehicle runs on the link ViVj 
dViVj real traffic flow the vehicle runs on the link ViVj 
DViVj traffic capacity the vehicle runs on the link ViVj 
t(Vi) the t label of node Vi ,which is used to record the time when the rescue effort arrives at the node Vi along the 
chosen optimal path 
Num the number of nodes on the chosen optimal path 
A [Num]   the sequence of the nodes on the path 
T1 (VA[i]VA[Num])   the difference between t(VA[i])and t(VA[Num])  under the situation of link VA[i]-VA[i+1] available 
T2 (VA[i]VA[Num]))   the difference between t(VA[i]) and t(VA[Num])  under the situation of link VA[i]-VA[i+1] unavailable 
W (VA[i]VA[i+1]))critical    the critical value of the weight of link VA[i]-VA[i+1] 
F (VA[i]VA[i+1]))critical       the critical value of the flow of link VA[i]-VA[i+1] 
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1. Introduction 
The emergency rescue, as an important measure to reduce the loss of natural and human disasters, has been widely 
studied from different perspectives. Thereinto the route selection is a fascinating problem. The researchers often used the 
extracted geographic information of the road network to create node-link graph. The crossings of roads can be regarded as 
nodes and roads can be regarded as links. Then adding some basic attribute information of the nodes and links, some 
problems can be solved by network flow approach, which has a great advantage of fast calculation but may cause large error 
owning to lack of real traffic information. Therefore, conventional approaches usually combined different velocity-density 
models (like Underwood model, Greenshield’s model etc) with traffic restrictions (e.g. traffic flow, road direction, traffic 
jam). Afterwards the researchers applied the frequently used shortest path algorithm to solve traffic route selection problem. 
In the computer science, the Dijistra algorithm is a classical shortest path algorithm, and it has been applied in different 
network systems. However, computer researchers mainly pay attention to the performance of the Dijistra algorithm and its 
theoretical basis. They usually eliminate invalid points (points that are not included in the shortest path) in the network 
according to resistance maximum of point by increasing some restrictive condition [1-3]. In the logistics industry, the 
researchers use the modified Dijistra algorithm to find the optimal path considering the time constraint and complexity of 
the road network [4]. In the field of emergency rescue, the researchers aim to solve the time-shortest path considering the 
basic traffic information, such as the direction of road, the intersection delay, the intersection capacity and so on [5, 6]. 
However, in the previous research, the rescue route was usually planned in advance and little attention was paid to the 
unexpected accident in the road network during the rescue process, especially when the road damages occur on the planned 
route. Under this condition, whether to change path and which path to choose are crucial for the rescue workers. In fact in 
real rescue actions, rescue workers have to adjust their route dynamically according to the real traffic condition. Therefore, 
that under what kind of situation the rescue workers should adjust their route is extremely important to the decision makers. 
In this paper we use a further modified Dijistra algorithm to find the critical values to characterize safety of each road on the 
chosen time-shortest route, meanwhile when to change route can be judged by these critical values. Because the road 
network time-varying information usually comes from long-term statistics analysis of transportation system, the rescue 
route that we get from the modified algorithm may be not the best one, but we can assure that the result obtained from this 
method can be significant for the most part. 
2. The modified Dijistra algorithm 
In order to solve the problem about rescue route reselection for the unexpected accident, we divide the modified Dijistra 
algorithm into two steps. The first step is to solve the problem that whether the policymakers should make a change when 
the traffic flow of one road on the chosen route changes during the process of rescuing. Then the second step is to solve the 
problem that how large the traffic flow of one road in the chosen route becomes should the decision makers change. The 
first step focuses on solving the problem whether to change, and the second focuses on solving the problem of the critical 
situation of changing. Actually the second step is the extension of the first step to some extent. Figure1 gives the description 
of the problem solved by the proposed algorithm.  
 
Fig. 1. The description of problem solved by the proposed algorithm. 
2.1. The modified algorithm 
If node Vj and node Vi are linked together, then the CViVj is equal to the length of the link and the UViVj is equal to the 
average velocity of the vehicle running on the link, otherwise , the CViVj is equal to M, a large enough positive number and 
UViVj is equal to N, a small enough number. We can get UViVj by the Greenshield formula UViVj=VViVj*(1- dViVj/DViVj).The 
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proposed modified Dijistra algorithm can be summarized as follows. 
Step 1: Initialization (iterative step j=0). Let SV1=1, P(V1)=0, u=V1, for every Vi does not equal to V1, let T(Vi) 
=CV1Vi/UV1Vi, if node V1 and node Vi are connected, then P(Vi)=1, else P(Vi)=0; SVi=0. 
Step 2: If SVn=1, we can obtain that T(Vn) is the shortest travel time from the source node V1 to node Vn, then the 
corresponding route is the best route selected, the algorithm terminates. Otherwise go to step 3. 
Step 3: Find out the time shortest node to the source node, then let T(Vi)=min{T(Vi)} (SVi=1), u=Vi, Su=1. 
Step 4: if node Vi is an endpoint of the link where an unexpected accident happens, and T(Vi) is larger than the time that the 
accident happened, the program will set node Vi as the new source point to choose a new better route using the original 
Dijistra algorithm, according to the transportation at that time. Otherwise go to Step 5. 
Step 5: Update the time of all the nodes with SVi=0. Let T(Vi)=min{T(Vi)+TuVi} (SVi=0), P(Vi)=u, j=j+1, go to step 2. 
2.2. The further modified algorithm 
The aim of the modified algorithm is to solve the problem whether to change the chosen optimal route when unexpected 
events happen. But if we can get the critical situation whether to change in advance, the decision makers will more easily 
make a decision facing the unexpected events. In order to solve this problem, we found the critical values to characterize 
safety of each road on the chosen time-shortest route, meanwhile when to change route can be judged by these critical 
values. Here t(V) can be regarded as the critical time value when the policymaker can change. And the second proposed 
modified Dijistra algorithm can be summarized as follows. 
Step 1: Use the conventional Dijistra algorithm to find out the time shortest route. And then record Num, A[i] and t(VA[i]). 
Here we give the formula to compute t(Vi) and T1(VA[i]VA[Num]) is obtained. 
A[i-1] A[i] A[i-1] A[i]A[i] A[i-1] V V V V
t(V )=t(V )+ C /U                                                                    (1) 
A[i] A[Num] A[Num] A[i]T1(V V )=t(V )-t(V )                                                                      (2) 
Step 2: After reinitialization reset the CVA[i]VA[i+1] equals to M, which means the link VA[i]-VA[i+1] is not available and the 
other information is invariant. Set node A[i] as the source node and use the conventional Dijistra algorithm to find the time 
shortest route to the objective node VA[Num]. So we can get T2(VA[i]VA[Num]). 
Step 3: There are some differences between T1(VA[i]VA[Num]) and T2(VA[i]VA[Num]). So the critical weight value of link VA[i]-
VA[i+1] is found  
A[i] A[i+1] A[i] A[i+1]A[i] A[i+1] critical A[i] A[Num] A[i] A[Num] V V V V
W(V V ) =T2(V V )- T1(V V ) +C /W                            (3) 
Step 4: Combining the velocity-density formula and the weight compute formula C/U and W(VA[i]VA[i+1])critical , we can get 
the critical density value through back calculation as follows. 
[i+1] A[i] A[i+1]
A[i] A[i+1] A[i] A[i+1] A[i] A[i+1] A[i] A[i+1]
A[i] A critical V V A[i] A[Num] A[i] A[Num]
V V V V V V V V
F(V V ) =(1-(C /(T2(V V )-T1(V V )+
                               C /U ))/V )*D
                                 (4) 
 
Fig. 2. The schematic diagram of the road network. 
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3. Computational experiment 
We carry out the computational experiments on a road network with 19 nodes and 30 links without direction. And the 
schematic diagram of the road network is shown in Fig. 2, which gives the approximate location of each node and the 
connective relationship between each other. The bold links mean the arterial traffic and the light black links mean the 
branch traffic. Suppose the disaster happens at node 19 and the rescue effort locates at node 1. What’s more, the change of 
one route does not affect other routes. The necessary parameters of the length of each arc, the largest traffic capacity, the 
vehicle free velocity can be obtained from relevant authorities. Here we get the data from the related reference, and the 
specific data are shown in Table 1. 
Table 1. Details of road segments 
link Length Free -V traffic -C flow link Length free-V traffic -C flow 
1-2 1000 50 230 110 10-13 800 60 230 110 
1-3 800 40 220 150 11-12 500 50 200 120 
1-4 700 50 180 90 12-14 300 60 200 120 
1-6 1200 50 260 120 13-14 600 50 200 120 
2-3 600 40 200 120 13-15 800 60 250 110 
2-7 800 60 250 120 14-16 250 40 180 80 
3-4 250 40 200 100 15-16 700 40 200 120 
3-8 600 40 200 130 16-17 150 50 180 90 
4-5 150 40 220 100 16-18 800 60 230 110 
5-6 400 50 220 90 17-18 700 50 200 100 
5-10 600 50 180 80 17-19 150 50 180 90 
6-13 1500 60 250 120 18-19 800 60 230 150 
7-8 700 50 220 90 11-18 500 40 200 120 
7-11 800 60 250 150 8-11 700 40 200 120 
8-9 250 40 180 80 9-10 250 40 180 80 
 
In Table 1, the units of link length, free velocity, traffic capacity and normal flow are meter, meter per second, pcu per 
hour and the pcu per hour respectively. The column of flow indicates three figures, which stand for the peak flow, normal 
flow and low flow. If the link is the branch traffic, the peak (or low) flow equals to the normal flow adding (or reducing) 20, 
else 40. Take the link 1-2 for example, 110 in the flow column means that the peak flow, normal flow and low flow of link 
1-2 are 130, 110, 90 respectively. 
On the basis of above assumptions, we obtain the following results. If we do not consider the effect of the unexpected 
accident in one road the best route of the peak period, the normal period and the low period are the same: 1-4-5-10-13-14-
16-17-19, but the total travel times along this route are 696.493 s, 487.01 s and 385.788 s respectively. Because the weight 
value of link 10-13 is the largest one among the whole chosen roads, then we mainly research the link 10-13. However, 
when the traffic flow of link 10-13 increases to180 pcu/h, only the best route of the low period has became 1-4-5-10-9-8-12-
14-16-17-19. Then, when the traffic flow of link 10-13 increases to 200 pcu/h, the best route of low period and normal 
period have changed to be the same, which is 1-4-5-10-9-8-12-14-16-17-19. However, when the link 10-13 is unavailable, 
the best route of the peak period is 1-4-5-10-5-6-13-14-16-17-19, and the best route of the normal period and the low period 
are still the same---1-4-5-10-9-8-12-14-16-17-19. Therefore, we can obtain one point that different changes of traffic flow 
have different impacts on the chosen optimal route in advance. From the example of link 10-13, we find that when an 
unexpected accident with different orders of severity happens in one road, it will lead to different traffic flow change and 
different rescue route will be chosen again. 
Through the first modified Dijistra algorithm we can make a decision that how we change the travel route when the 
traffic flow change, but this algorithm can be only used after the change happened. Here we want to give the critical traffic 
flow and travel time for the policymakers who could decide whether the situation they are facing needs to make a change. 
Meantime combined with the first modified Dijistra algorithm the reselection optimal route will be given. 
Continuing the above case, we take it for example that the optimal route is in the peak period, i.e. 1-4-5-10-13-14-16-17-
19 and the total travel time 696.493s. The critical time of link is the travel time when the rescue effort arrives at the first 
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endpoint of the link. If the traffic flow of one link is larger than the critical flow of it before the critical time, the 
policymakers should change the original chosen route and choose the alternative scheme given in the last column. With this 
method, the policymaker can easily make a decision whether to change route and how to change route. 
Table 2. The chosen route under different situation 
 Traffic flow of link 10-13/(pcu/h) Route  
peak traffic 
unavailable 1-4-5-10-5-6-13-14-16-17-19 
200 1-4-5-10-13-14-16-17-19 
180 1-4-5-10-13-14-16-17-19 
normal traffic 
unavailable 1-4-5-10-9-8-12-14-16-17-19 
200 1-4-5-10-9-8-12-14-16-17-19 
180 1-4-5-10-13-14-16-17-19 
low traffic 
unavailable 1-4-5-10-9-8-12-14-16-17-19 
200 1-4-5-10-9-8-12-14-16-17-19 
180 1-4-5-10-9-8-12-14-16-17-19 
 
For example, link 10-13, if the time of the rescue effort arriving at node 10 is less than 263.925s and the real traffic flow 
is larger than the critical flow 200.334 pcu/h, the policymakers should change original chosen route to the alternative 
scheme 10-5-6-13-14-16-17-19. 
Table 3. The critical time and critical flow of the optimal route 
link Critical time/s Critical Flow/(pcu/h) alternative scheme 
1-4 0 118.294 1-6-13-14-16-17-19 
4-5 129.6 210.534 4-1-6-13-14-16-17-19 
5-10 166.725 132.743 5-6-13-14-16-17-19 
10-13 263.925 200.334 10-5-6-13-14-16-17-19 
13-14 374.325 166.689 13-15-16-17-19 
14-16 590.325 172.3 14-13-15-16-17-19 
16-17 640.95 171.777 16-18-17-19 
17-19 668.721 175.164 17-18-19 
 
4. Summary 
In this paper, we apply the modified Dijistra algorithm to solve the reselection of rescue route during the rescue process. 
Then we give a computational experiment. It is found that different changes of traffic flow have different impacts on the 
chosen optimal route in advance. When an unexpected accident with different orders of severity happens in one road, it will 
lead to different change of traffic flow and different rescue route will be chosen again. On the other hand, we gain the 
critical values to characterize safety of each road on the chosen time-shortest route; meanwhile according to these values, 
we can judge whether or not and how to change route. 
Certainly there exist some improvements for further study. In this paper, the traffic flow, the free velocity and the road 
capacity are not the real information. So we cannot compare our results with the real situation. Besides, the assumption that 
the change of one road does not affect the surrounding roads is also very ideal. Therefore this point is not consistent with the 
real situation. In addition, the change of traffic flow comes from not only the traffic system discipline but also the influence 
of the risk and hazard factors. Though the data information used in this paper comes from our assumptions, the modified 
algorithm still can be applied to the real situation.  
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